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Abstract. In a recent study the crossdisciplinarity of the field of Technology-
Enhanced Learning was analysed with science-overlay-maps and diversity 
measures. Results reveal that the crossdisciplinarity of the field has constantly 
increased over the last 10 years. Only in 2004, a significant decrease of inter-
disciplinary research could be identified. In this paper we take a closer look at 
the publications of this year and test our hypotheses for the decrease of 
crossdisciplinarity. 
1 Introduction 
Technology-enhanced learning (TEL) is defined as an interdisciplinary field of re-
search to which a number of disciplines contribute, namely: cognitive science, educa-
tional psychology, computer science, anthropology, sociology, information sciences, 
neurosciences, education, design studies, instructional design and others. According 
to Sawyer the field has been established in the late 1980ies based on the recognition 
that new scientific methods are needed that go beyond their own research field [1]. 
There are currently only a few qualitative studies about interdisciplinarity of TEL 
showing a mixture of methods and academics backgrounds of researchers in the field 
[2, 3]. While these studies report relevant findings most studies have the limitations 
that their data basis is small and that the approach chosen is not scalable.  
In this paper we report results from a recent study that uses science-overlay maps 
and diversity measures to analyse the crossdisciplinarity of the TEL field [4]. In this 
study a steady increase of crossdisciplinarity could be identified for the field of Tech-
nology-Enhanced Learning. Only in 2004 there was a drop of crossdisciplinarity. We 
use science overlay maps and diversity measures to analyse the reasons for this de-
crease. In the next part we summarize the method chosen, then we present results of 
the analysis and discuss our findings. 
2 Method 
2.1 Science-Overlay Maps & Diversity Measures 
We follow in our study an approach proposed by Rafols, Porter & Lydesdorff [5]. The 
basis for the analysis is a scientometric analysis of datasets from the Web of Science 
(WoS) by Thompson Reuters. One of the most developed approaches that takes into 
account the dynamic structure of journals belonging to scientific disciplines and the 
citations inside and outside the discipline has been proposed by Leydesdorff [6]. An-
other important component of the analysis is the integration score proposed by Porter 
& Rafols [7]. This integration score is based on the idea that the level of interdiscipli-
narity can be assessed by an analysis of three different aspects: 
• the variety of the field (number of disciplines cited), 
• the balance of the field (distribution of citations between fields) and the 
• the disparity of disciplines cited (how similar are these disciplines). 
This combination of perspectives to measure interdisciplinary research is aligned with 
earlier approaches to measure diversity by Rao [8] and Stirling [9].  Hence, the pre-
sented integration score is a special form of the Rao-Stirling Index of Diversity. This 
index can be understood as “a Simpson diversity in which the products of proportions 
of categories are weighted by distance/similarity” [10]. The basis for this method is a 
global map of science constructed with the help of the subject categories (SC) in the 
Web of Science. Leydesdorff & Rafols [11] have constructed a matrix and global map 
of science with the analysis of citing Subject Categories and cited subject categories 
in the Science Citation Index (SCI) and the Social Science Citation Index (SSCI) (in 
total 221 SCs) resulting in 18 macrodisciplines and their relations after a factor analy-
sis. Leydesdorff, Carley and Rafols report that the resulting maps have been proven to 
be stable compared to other approaches to build a global map of science [12]. This 
global map of science is now used and overlayed with a local map resulting from a 
specific search approach in the WoS databases. This method is thus used to locate a 
specific organization, individual or topic on the global map of science. To come to 
such a local map for an overlay, a citation analysis is conducted.  
2.2 Procedures 
In a first step we have conducted a search in the WoS version 5.6 in July 2012 for the 
period between 2002 and 2011 in the SSCI (Social Science Citation Index) and SCIE 
(Science Citation Index Expanded) databases with the following keywords: “learning 
sciences”, “technology-enhanced learning”, “computer-based training”, “elearning”, 
“e-learning”, “mobile learning”, “electronic learning environments” and “educational 
technology”. This query resulted in 4255 records. We have narrowed the results down 
to journal articles and proceedings papers and we have only included articles in Eng-
lish. The resulting list consists of 3490 records. This list has been manually checked if 
the articles belong to the field. 14 results have been manually deleted from the origi-
nal list so that finally 3476 records have been used for further analysis. These records 
have been further analyzed according to the procedure described in Rafols, Porter, & 
Leydesdorff [5]. The list of records has been filtered according to the Web of Science 
Categories with a minimum threshold of 1 occurrence and exported into a local file. 
This file has been converted with the small applications described in the paper above. 
The resulting matrices have been visualized with the Pajek application for the analysis 
of large networks based on a 19 cluster solution [13]. In addition we have constructed 
an overlay map for each year of the dataset. To assess the development of the 
crossdisciplinarity of the field over time we have calculated a Rao-Stirling-Index of 
Diversity for each year of the dataset. For the analysis of the year 2004 we have in 
addition constructed a table that shows the impact of individual disciplines to the 
diversity score of this specific year. 
3 Results 
To show the development of the crossdisciplinarity over time we have visualized the 
results of the individual science-overlay maps for years of the analysis in a video1. 
This animation of the science-overlay maps shows that the field of Technology-
Enhanced Learning cannot be easily reduced to disciplines as proposed by other au-
thors but is much more diverse. To be able to measure the level of interdisciplinarity 
we present in figure 1 a plot of the number of publications and the Rao-Stirling Diver-
sity Index for each year of the analysis. 
 
 
Fig. 1. Nr. of publications/Rao-Stirling Diversity Index [4] 
This figure shows that the crossdisciplinarity of the field has increased in the last 10 
years. Only in the year 2004 a significant drop of the diversity index used in the anal-
ysis could be identified. Figure 2 shows the science-overlay map for 2004. 
                                                            
1  https://vimeo.com/46020529 
 
 
Fig. 2. Disciplinary composition of Technology-Enhanced Learning based on 271 citable items 
(journal papers & proceedings papers) published in 2004 taken from [4] 
The science-overlay map for the year 2004 and the comparison to other years of the 
analysis revealed that this was the only year in which the output from computer sci-
ence were higher than the educational sciences and other fields. Thus our hypothesis 
was that the decrease in interdisciplinarity was caused by the high amount of contri-
butions from the field of computer science. To analyze the impact of contributions 
from individual domains we have conducted a more in depth-analysis for the dataset 
for the year 2004. We have stepwise omitted results from individual fields to control 
the effect on the Rao-Stirling-Diversity for this year. The results from this analysis are 
presented in table 1. 
 
Dataset Nr. of publica-
tions 
Rao-Stirling-Index 
Full 368 0.69 
Full - Educational Sciences  297 0.69 
Full - Computer Science  179 0.86 
Full - Health Sciences  343 0.67 
Full - Business & Management  360 0.68 
Full - Psychology 355 0.67 
Full - Engineering 357 0.68 
Table 1. Impact of deletion of science categories on Rao-Stirling Diversity Index  
Table 1 presents the impact of deleting fields from the dataset. There is no impact of 
deleting the records from educational sciences science categories (Education: Educa-
tional Research & Education: Scientific Disciplines) although this set accounts for 
20% of the full set of records. Deleting all publications from computer science from 
the dataset (with science categories CS: Theory & Methods, CS: Software Engineer-
ing, CS: Information Systems, CS: Interdisciplinary Applications, CS: Artificial Intel-
ligence, CS: Hardware Architecture) has a huge impact. This subset accounts for ap-
prox. 50% of the full dataset and raises the Rao-Stirling-Diversity Index for the year 
2004 from 0.69 to 0.86. The effect of subtracting publications from other fields like 
Health Sciences, Business & Management, Engineering or Psychology is very small. 
This can be also explained through the small set of publications for these fields for 
2004. In the next paragraph we discuss our findings and we draw conclusions from 
the results of this study. 
 
4 Discussion 
The results of the study show that Technology-Enhanced Learning is a field to which 
a diverse set of disciplines contribute. The analysis of science-overlay maps produced 
in this study shows that the diversity of the field goes beyond the image that is para-
digmatically reproduced in other publications. As an example the STELLAR Network 
of Excellence recently described the TEL community as consisting of a “more tech-
nical-centered silo and on the other hand a more people-centred silo” [14]. The repro-
duction of this old paradigm can be rejected based on the analysis. The diversity of 
the TEL-field is larger and cannot be described by such a simple model. The Rao-
Stirling-Diversity Index score has shown that the crossdisciplinarity of the field has 
constantly increased as well as the overall scientific output of the field.  
The decrease of crossdisciplinarity could be explained due to the high amount of 
publications from the field of computer science. 2004 was the only year of the analy-
sis where the output from computer sciences and specifically the sub-category “Com-
puter Science Theory and Methods” about TEL exceeded even the educational sci-
ences. A closer look at the publications shows that most of these stem from a confer-
ence on adaptive hypermedia in the “Lecture Notes in Computer Science” Series. The 
references cited in these paper are clearly rooted in computer sciences and thus the 
citations out of the discipline are rather small. Thus this output has decreased the level 
of crossdisciplinarity in this specific year. 
5 Conclusions 
The study has shown that crossdisciplinarity of Technology-Enhanced Learning can-
not be treated as a static entity but is a dynamic factor that is influenced by publica-
tions trends and citation practices of actors contributing to the field. We believe that 
the method applied in the analysis is an accessible and scalable way to measure inter-
disciplinary research conducted in the field. There is a raised interest of policy-makers 
to make interdisciplinarity as a requirement for funding decisions. The measures ap-
plied in this study have the potential to inform policymaking and allow a more objec-
tive assessment of scientific actors (people, institutions, disciplines) in the TEL field 
and related domains. In a recent study in the domain of Innovation Studies and Busi-
ness & Management Rafols, Leydesdorff, O’Hare, Nightingale, & Stirling [15] show 
that the strong focus on journal rankings and impact measurement can in fact suppress 
interdisciplinary research. Therefore we see it as an important issue that policy mak-
ers are able to operationalize and measure the actual crossdisciplinarity of work fund-
ed. The method introduced here can build a basis for such an assessment. 
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